Abstract: There are many rice mills and food grain depots where a large number of workers are engaged for processing paddy and rice, storage and distribution. Lifting, carrying and depositing sacs of food grain are the major jobs carried out by these workers. The present study was undertaken to evaluate the workers with respect to their nutritional status, workload, energy expenditure and musculoskeletal pain or discomfort resulting out of work practice. Average peak heart rate of the depot and rice mill workers suggested the workload as moderate to very heavy. Their average energy expenditure values also indicated the workload as moderate to heavy. Subjective assessment of the workers showed the workload as heavy for 60.7% depot workers and 23.1% rice mill workers. Musculoskeletal pain or discomfort was maximally reported in knee by 59% depot workers whereas low back and knee was reported by 61.5% rice mill workers. Besides the weight of the sac, awkward postures like bending and twisting of trunk adopted frequently causes the problem. Further studies and rationalization of work method may improve the health and safety of the workers.
Introduction
Food grains are processed in rice mills and stored in several organisations such as the Food Corporation of India, Central Warehouse Corporation, State Warehouse Corporation etc. Later it is distributed to different parts of the districts and states as and when required. There are about 300 rice mills and food grain depots and approximately 20,000 workers are engaged in grain handling 1) . It has been reported earlier that the workers exposed to grain dust in storage air suffers from respiratory, allergic and patho-physiological disorders [2] [3] [4] [5] [6] . Load handling, i.e., lifting and carrying heavy load of grain filled sacs is the major job component in these organisations. Often, the workers have to adopt awkward postures to carry out the job. Working with heavy load in awkward posture leads to physiological strain and musculoskeletal problem. Only a few report of ergonomic study on grain handling workers is available 7) .
The present study was undertaken to evaluate the food grain handling workers with respect to their nutritional status, workload, energy expenditure and musculoskeletal pain and discomfort resulting out of work practice.
Materials and Methods
The different storage agencies include the FCI (Food Corporation of India), CWC (Central Warehouse Corporation), SWC (State Warehouse Corporation) etc. where processed food grains are stored and later on distributed as per requirements. This study was carried out in one such agency (CWC) and two rice mills. The subjects may be considered to be representative of related workers in India both in terms of work method and also anthropometry. Approval of the ethical committee of the Centre was obtained for the study. Written consent was obtained from each subject before the field study.
The load-handling workers carry the sacs filled with food grains. Two persons each with a pair hook lift the sac full Industrial Health 2007, 45, [165] [166] [167] [168] [169] of food grains from the stack or floor and place it on shoulder of a load-handling worker (Fig. 1) . The workers use their preferred shoulder-left or right. They may stand with back and neck straight, bent or twisted depending on the height of the stack. The weight of the sacs filled with rice is 50 kg, whereas that of sacs filled with paddy is approximately 75 kg. During their work, the workers often have to climb steps made of food grain sacs or walk along an upward slope of wooden platform depending on the height of the stack which is allotted to them for clearance or deposit. Other activities performed by the workers in food grain depot and rice mill are given in Table 1 .
The total work time per shift is eight hours. The actual work component of loading and unloading trucks involves about 45 min work per truck, of which about 25 min is the effective work time (actual load carriage time). The remaining 20 min comprises of preparation work like laying of walkways, ladders, platforms, etc.
On normal days, a worker (as part of a team of about ten persons) loads or unloads four trucks. Thus each person does about 180 min of work per eight hours, of which 100 min is load carriage time. During busy seasons, or when truck arrivals are more, the work is extended through overtime hours so as to clear the pending truckloads.
A total of 99 workers (56 depot workers and 43 rice mill workers) participated in the study. All the workers were males. Their age and physical parameters like standing height and body weight were recorded. Skinfold thickness at biceps, triceps, subscapula and suprailiac were recorded by using a skinfold calliper (Holtain, UK). The subjects were classified for their nutritional status based on their body mass index (BMI) as per WHO 8) . Percentage of body fat and lean body mass of a subject were derived from the values of skinfold thickness 9, 10) . The maximal heart rate (HR max ) of the subjects was derived from their respective ages 11) . Physiological assessment of workload was carried out by recording the heart rate of the workers during work in depot as well as in rice mill. The heart rate of the subjects (beats.min -1 ) was recorded immediately after cessation of work, by counting 10 heart beats with the help of a stethoscope placed at the left fifth intercostals space of the chest of the subject and then noting the time (sec) using digital stop-watch. The energy expenditure in terms of kcal.min -1 was calculated from the peak working heart rate by using the equation of Datta and Ramanathan 12) . The workload was categorised as per Astrand and Rodahl 13) and Sen and Nag 14) . The subjects were interviewed to obtain basic information and were assessed for subjective workload 15) on a scale of 1 to 5 (light, moderate, heavy, very heavy and extremely heavy). The subjects were shown a pictogram of the body and were asked to point out the part(s) of the body where they feel work related musculoskeletal pain or discomfort 16) .
Results
In Table 2 , the physical characteristics of the subjects have been presented. There was no significant difference among the workers engaged in depot and rice mill in relation to their physical characteristics. Although the subjects belonged to the southern part of India, they were similar to people from other parts of India. There was no significant differences in their main anthropometric dimensions in comparison with the basic Indian anthropometric data 17) . The mean values of BMI of workers in food grain depot and rice mill workers were 21.1 ± 2.95 and 20.8 ± 3.61 kg.m -2 respectively. This indicated that the subjects were in normal category as per WHO 8) . However, 9% workers in depot and 15% workers in rice mill were in the category of chronic energy deficiency I (BMI < 17.0 -18.4 kg.m -2 ). Besides, 11% workers in depot and 15% of rice mill workers were overweight (BMI > 25 kg.m -2 ). As such majority of these workers were nutritionally balanced. The average body fat (%) of depot workers was 12.6 ± 4.44 and that of rice mill workers was 11.0 ± 3.89. These values indicate that both the groups belonged to the category of "optimal health" 18) . Mean values of peak working heart rate and energy expenditure of the subjects carrying out various activities in food grain depot (Type 1) and Rice mill (Types 2-6) have been presented in Table 3 . The average value of peak working heart rate for carrying 50 kg sac of food grain in the depot was 125.8 ± 10.97 beats.min -1 . This workload could be categorised as heavy 13, 14) . However, the energy expenditure values for the above-mentioned activity were 4.24 ± 0.49 kcal min -1 , which indicated the workload as moderate 13, 14) . The workload of workers engaged in various types of activities performed by the rice mill workers ranged from "moderate" to "extremely heavy", depending on the basis of classification. The mean values of peak working heart rate varied from 115.2 ± 4.38 (Type 3 job) to 151.0 ± 18.58 beats.min -1 (Type 4 job). As per European system of classification 14) , these jobs may be classified as "moderate" and "heavy", respectively. However, based on subsequent classification based on Indian researchers 13) , the jobs are to be classified as "heavy" and "extremely heavy", respectively.
The energy expenditure values for the activities were 3.76 ± 0.20 and 5.37 ± 0.84 kcal min -1 for the Type 3 job and the Type 4 job, respectively. When the workload was classified based on the energy expenditure values, the jobs were found to be "moderate" and "heavy", regardless of the basis of classification (European or Indian) 13, 14) .
The results of subjective assessment of workload are shown in Table 4 . The workers of the food grain depot expressed that their work was in the category of moderate (39.3%) to heavy (60.7%). In the rice mill, highest percentage (76.9%) of the workers expressed that their workload was moderate and the rest of the workers expressed that their work was in the category of heavy (23.1%). It is interesting to note that nobody had expressed his workload as very heavy.
The subjects had multiple responses regarding pain or discomfort in various parts of the body. Results of the • Shifting of sacs from one place to another for arranging in a stack inside the depot.
• Other jobs like sweeping, spraying pesticide on the sacs, filling sacs with spilled out rice etc. Rice mill
• Loading / unloading of food grain sac on and from vehicles.
• Spreading paddy on the unshaded floor with a wooden spreader for drying.
• Carrying paddy-filled sac, climbing ladder and emptying sac in the processing machine.
• Filling sacs with rice in back-bent posture with the help of a cylindrical vessel.
• Lifting and keeping the rice filled sac on and from weighing machine. assessment of subjective feeling of pain or discomfort of the workers are reflected in Table 5 . In food grain depot, maximum workers reported pain in knee (59.0%), low back (26.8%) and chest (25.0%), whereas the rice mill workers reported maximum pain in knee and low back (61.5%) each followed by chest and leg (38.8%) each.
Discussion
It was found that most of the activities of these workers are in the category of moderate to very heavy. The findings of the present study corroborates with the reported values of Samanta and Chatterjee 19) . They observed the average value of 120.1 beats.min -1 when the subjects were moving at a speed of 1.67 m.s -1 with 26 kg load and 129.4 beats.min -1 at a speed of 1.39 m.s -1 with a load of 35 kg. However, workloads of the jobs like 'spreading paddy on the unshaded floor with a wooden spreader for drying' (Type 3) and 'lifting and taking off of rice sac (50kg) from weighing machine' (Type 6) were moderate 14) or heavy 13) , again based on the system of classification.
Subjective perception of worker is an important criterion to evaluate the difficulty associated with work 20, 21) . It has been reported earlier that assessments of workload by subjective and objective methods are equally reliable 7, 22) . It was observed during work that the workers had to bend and twist their neck and back for putting the load on the shoulder. Very often they had to squat depending on the height of the stack from which the sacs are placed on the shoulder. Turning the body with load on their shoulder, they moved at a reasonably faster pace towards the place for deposition. The feeling of pain in knee and low back may be due to repetitive bending at the knee to load the sacs and carriage of heavy load in awkward postures adopted by the workers.
Application of force is required for handling loads (lifting, lowering, holding, carrying loads, pushing and pulling weights etc). The force requirements as well as metabolic energy requirements vary with the posture adopted during work 23) . Awkward body posture also causes the work to become strenuous and the physiological costs are higher in non-erect postures than in erect postures 24) . The occupational work of handling loads requires high muscular effort in awkward postures giving rise to musculoskeletal strains and low back signs and symptoms 25) . Turning, twisting and bending are also associated with increased incidence of low back disorders like pain, ache and discomfort 26) . Carrying load on shoulder or head was the major job component of food grain handling workers. The workload of those workers was in the category of moderate to very heavy depending on the type of job. Adoption of awkward posture during lifting and carrying loaded sacs repetitively results in musculoskeletal complain. The overall stress of a worker is the integrated form of physical workload and postural stress.
In the present study the workload assessment by subjective assessment was not matching exactly with that by peak working heart rate. This can be explained with further studies involving more number of subjects in the depot and the rice mills, which will lead to better understanding of the problems and improvement of work design. 
